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INVESTIGATION AT MACH NUMBERS OF 1l.41, 1.61, AND 1.82
OF TWO VARTABIE-GEOMETRY INLETS HAVING
TWO-DIMENSIONAL COMPRESSION SURFACES

By Iowell E. EHasel
SUMMARY

One-tenth-scale models of two inlet configurations of Fighter-type
aircraft have been tested in the Iangley 4- by 4-foot supersonic pressure
tunnel. One model had a nose inlet incorporating & horizontal-ramp
compression surface. The second model had a chin-scoop inlet incorporating
& vertical splitter. The pressure-recovery and force characteristics of
the inlets were determined as a function of mass-flow ratio, angle of
inlet compression, angle of attack, and Mach nunmber. An investigation
was made of the effects of removing the boundary layer on the compression
surfaces by mesns of srea suction.

The maximum pressure recoveries obteined at an angle of attack of 2°
at Mach numbers of 1l.41, 1.61, and 1.82 from the nose and chin-scoop
inlets with solid compression surfaces were 0.95, 0.91, 0.86, and 0.94,
0.91, 0.85, respectively, of the free-stream stagnation pressure. The
stable mass-flow range of both inlets was primarilily a function of Mech
number and decreased from average values of about 0.50 to 0.04 for the
nose inlet and from 0.23 to 0.06 for the chin-scoop inlet as the Mach
number increased from 1l.41 to 1.82. The effects of angle of attack and
yaw on pressure recovery of the inlet were consistent with the geometry
of the inlets. Increasing the angle of attack had some beneficisl effects
on the pressure recovery of the nose inlet but little effect on the chin-
scoop inlet. Angles of yaw had a detrimental effect on the pressure-
recovery and buzz characteristics of the chin-scoop inlet but had little
effect on the nose inlet. Elimination of the boundary-lsyer bleed system
on the chin-scoop inlet by meens of a fuselage falring had no effect on
the thrust-minus~drag characteristies of the inlet.

The use of area suction on the inlet compression surfaces resulted
in maximum pressure recoveries which were 0.02 to 0.06 higher than the
recoveries of similar configurations without area suction. In general,
the use 'of area suction did not significantly affect the inlet stsbility
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ranges. Inasmuch as the external-drag increment due to area suction was
insignificant, the use of area suction improved the thrust-minus-drag
characteristics of both inlets.

INTRODUCTTION

An investigation of 1/10-scale models of two inlet configurations
of fighter-type aircraft has been made at Mach numbers of 1l.41, 1.61,
and 1.82 in the Iangley 4- by 4-foot supersonic pressure tunnel. One
model representing a day fighter had a nose inlet incorporating a
horizontal-ramp compression surface. The second model represenbting an
interceptor had a chin-scoop inlet incorporating a vertical splitter.
The investigation was conducted to provide experimental pressure-recovery
and force date which would assist in establishing a Mach number schedule
for the variable-geometry inlets for the aircraft. The investlgation
included a study of the effects of removing the boundary layer on the
compression surfaces by means of area suction. The angles of attack and
yaw were varied from O° to 6° and from O° to 4°, respectively.

SYMBOIS

Ae duct-exit area, 0.08986 sq ft

Ar model frontal area, 0.2394% sq ft

Cp external drag coefficient, based on model frontal area of
0.2%94 sq ft

CDI internal drag coefficient, based on model frontal area of
0.23594 sq ft

Cy, external 1ift coefficient, based on model frontal area of
0.2394 sq £t

Cn pitching-moment coefficient, based on model frontal area
of 0.2394 sq ft and length of 4.065 ft

D drag, 1b

H stagnation pressure, 1lb/sq £t

Hy free-stream stagnation pressure, 1b/sq ft
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Pe

id
(o)

HI/HO
m./mO

height of boundary-lsyer bleed, in.
free-stream Mech number

mass flow, slugs/sec

free-stream mass flow, slugs/sec

duct-exit static pressure, Ib/sq ft
free-stream static pressure, lb/sq ft
free-stream dynamic pressure, 1lb/sq ft
engine thrust, 1ib

engine thrust at 100-percent pressure recovery, 1b
duct-exit velocity, ft/sec

free-stream velocity, ft/sec

weight of flow of sir, 1b/sec

vertical distance in duet, in.

total pressure recovery at compressor face
local totel pressure recovery in diffuser

mass-flow ratio, based on inlet capture area of 0.0466 sa £t
for inlet A and 0.0511 sq £t for inlet B

angle of attack measured from inlet axis, deg

engine-inlet total pressure divided by NACA sea-level
pressure .

inlet total temperature divided by NACA sea-level ftemperature

angle of compression surface (measured from inlet axis on
inlet A), deg

angle of yaw, deg
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TUNNEL

The Iangley 4- by 4-foot supersonic pressure tunnel has a single-
return closed throat and i1s capeble of operating at Mach numbers from
1.25 to 2.2. The test section employs fixed side walls and flexible top
end bottom walls. The nozzle contours are formed by pulling the flexible
walls against fixed, but interchangeable, templates. The test-section
width is 54 inches. The average test-section heights are 53.3%, 53.0,
and 58.1 inches at Mach numbers of 1.k1, 1.61, snd 1.82, respectively.
An external source of dry alr is provided to meintain a low moisture
content in the tunnel so that condensation effects msy be avolided. The
stagnation pressure can be varied from epproximetely 0.25 to 2.0
atmospheres.

MODELS

General Description

The two models of this investigation, designated as inlets A and B,
were furnished by the aircraft manufacturer. Inlet A represents a day
fighter configuration, and inlet B represents an interceptor configurstion.
A schematic drawing and a photograph of the complete model are shown in
figures 1 and 2, respectively. Aerodynamic forces were measured on that
part of the inlet forebody forward of station 4hi.78 (fig. 1(a)). The
rearward part of the model (fig. 1(b)) containing the flow nozzle and
instrumentation for measuring mass-flow ratic was rigidly attached to
the sting support.

Inlet Forebody

General details.- The inlet forebody was separated from the mass-
flow measuring assembly by a labyrinth seal with a small clearance gap
as illustrated in figure 1(a). An electrical warning system was used
to indicate fouling at the gap. The axis of that part of the model
forward of station %2.00 was inclined 2° in a positive direction with
respect to the sting and balance axis. This inclination facilitated
fairing of the inlet external lines into the rearward section of the
forebody. The inlet forebody shape behind station 32.00 was identical
for both inlets.

Inlet A.- A detailed schematic drawing and a photograph of inlet A
are presented in figures 3 and L, respectively. This configuration has
a nose inlet incorporating a gun-sight radar fairing (fig. %) on the top
lip. The plane of the inlet lips was swept 49° from the vertical plene.
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Variable geometry was provided by means of removable ramp blocks having
compression angles @ of 3.0°, 8.0°, and 12.5°. The duct shapes for
these ramp angles are shown in figure 3.

Three 12.5° blocks were constructed of porous, sintered surfaces
of stainless steel or brass to permit removal of the ramp boundary-layer
air. The amount of the ramp surface which was porous was varied during
the investigation by progressively filling the porous surface with lacquer.
The following table defines the nomenclature used to designate the extent
of porous-ramp surface.

Confi ation Location of porous surface 1n terms of
gur model station (fig. 3)
AB -2.2 to =0.7
AC -2.2 to 0.6
AD -2.2 to 2.4
AR -2.2 to 4.0

It should be noted that the dimensions -2.2 and 4.0 do not include the
short lengths of porous surface on each end which were backed up by a
solid surface for fastening purposes. The air passing through the porous
surfaces was removed through two exits, one of which is visible in fig-
ure 4. These exits were closed during the tests with nonporous ramps.

Four total-pressure tubes were located in the subsonic diffuser at
station 7.9 to determine the effect of porous ramps on the diffuser
total-pressure distribution.

Inlet B.- A detailed schematic drawing and a photograph of inlet B
are presented in figures 5 and 6, respectively. This model had a chin-
scoop Inlet with 2 relatively large radome shape forming the nose of the
configuration. Inlet B incorporated a vertical splitier for generating
the coblique compression shocks. Variable geometry was provided by inter-
changeable splitter blocks having half-angles § of 3°, 7°, 10°, and 14°.
The half-angle of the leading edge of all splitters was 3° (fig. 6). The
top view of the inlet (fig. 5) shows that the lip of the inlet was curved
considerably.

One 10° half-angle splitter was constructed of porous stainless steel.
The extent of the porous surface was varied during the investigation, as
on inlet A. The following table defines the nomenclature used to designate
the extent of porous-ramp surface.
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Confi ation Location of porous surface in terms of
gur model station (fig. 5)
BC 5.8 to 10.6
BD 5.8 to 1.7

As on inlet A, the dimensions 5.8 and 1L.7 inches do not include the
lengths of porous surface used for support purposes. The alr which
passed through the porous surfaces escaped from the model by means of
the exit shown in figure 5. This exit was closed when not in use.

The splitter of configuration BC was modified, as shown in section BB
of figure 5, to provide a 0.007-inch gap between the splitter and the top
of the inlet. This gap permitted more of the boundary-layer air to be
removed through the porous-splitter air exit.

A total-pressure rake of seven tubes was located in the diffuser
(fig. 5) to determine the effect of the porous-splitter surface on the
total-pressure distribution.

A boundary-layer bleed system was provided to divert the boundary
lsyer of the fuselage from the inlet. Exits for the bleed system were
located on the sides of the fuselage as shown in figures 5 and 6. Bleed
heights of 0, 0.15, and 0.21 inch were provided. The intermediate height
corresponded to the full-scale configuration. A larger height was provided
to account for the variation of height of the boundary layer due to the
diTference between full-scale and tunnel Reynolds numbers. The bleed
height was varied by altering the fuselage feiring shead of the inlet as
shown in figure 5.

Areg distribution of ducts.- The area distribution of ducts for both
inlets is presented in figure 7. The duct shapes forward of the compressor
rake (fig. 1(a)) duplicate the actual airplsne installations.

Cherscteristics of porous materials.- The type of porous surface will
be designated by a number (1, 2, or 3) preceding the letter designation
used to denote the extent of the porous surface. Materizls 1 and 3 were
stalnless steel and had a relatively rough surface; material 2 was brass
and had a smooth, polished surface. The flow characteristics of these
materials were obtained by calibrating several of the ramp and splitter
configurations. Porosity-characteristics data are presented in figure 8.
It should be mentioned that these data were obtained without flow parallel
to the surface. The actual flow through the surface is probably less than
would be indicated from fTigure 8 because reference 1 has shown that, for a
given pressure difference, the flow through the surface decreases as the
flow parallel to the surface increases.
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Pressure and force instrumentaetion.- Pressure-recovery measure-
ments were made at station 32.35, which corresponds to the compressor-
face station, by means of four rakes of five total-pressure tubes each.
These rakes were speced at 60° intervals (fig. 1(a), section AA). Two
dummy rakes were included to make the installation symmetrical. A set
of four total-pressure rakes (fig. 1(a), section BB) of five tubes each
were instelled st station 48.35 (Just ahead of the duct exit) to deter-
mine the internal drag. The rakes were spaced at 90° intervals. tetic-
pressure orifices were also located in the duct walls at station 48.35.
Base pressures were measured by means of 12 static-pressure orifices
distributed over 8ll the incremental areas msking up the base of the
inlet forebody. A dynamlc-pressure pickup was Installed in inlet A at
station 7.9 (fig. 3) and in inlet B at station 16.5 (fig. 5) to observe
the static-pressure fluctuations in the subsonic diffuser. The forces
of the inlet forebody were measured by means of an internal strain-gage
balance located as shown in figure 1(a).

Mass-Flow Measuring Assembly

Mass-flow measurements were made by means of the equipment shown in
figure 1(b). This installation was designed according to the standards
of the Americsn Society of Mechanical Engineers and Incorporated damping
screens upstream of the flow nozzle. The ratio of nozzle to duct diam-
eters was 0.731l. Four stetic orifices were located at each of the two
planes illustrated in figure 1(b). The amount of air passing through
the inlet was controlled by means of a bubtterfly valve located down-
stream of the flow nozzle.

Faired-Nose Configurations

The faired-nose conflgurations are shown in figure 9. These con-
figurations were identical with the noses used on other stability models
which had no inlets. For comparison, the general cutlines of inlets A
and B are shown with dashed lines.

TESTS

The tests were conducted at stagnation pressures of 13 pounds per
square inch absolute at Mach numbers of 1.41 and 1.61 and at 12 pounds
per squere inch absolute at a Mach number of 1.82. The corresponding
Reynolds numbers per foot of length were 3.7 X 105, 3.7 X 105, and
3.2 X 106. During all the tests the moisture content of the air in the
tunnel was maintained at & value low enough to prevent condensation
effects in the test section.
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The inlets were located upstream of the test-section windows;
consequently, the start of buzz could not be determined by observing
the air flow around the inlets with a schlieren system. Therefore, the
output from the dynemic-pressure pickups, which weas fed into an oscillo-
scope, was used to detect buzz. The start of buzz was considered to
occur at the highest mass-flow ratio at which the static-pressure varia-
tions were characterized by a low-frequency and e relatively high ampli-
tude fluctuation. For most of the tests, the mass-flow ratio of the
buzz trensition was eesily detected. Oscillograph records of the static-
pressure varistions which were present just before buzz and after buzz
were ‘taken during & large number of the tests; in general, these records
verified the visual observations.

The pressures of all models, except those used to calculate mass-
flow ratio, were photographically recorded on an inclined multiple-tube
msnometer board filled with mercury. For these tests the effective
specific gravity of the mercury column was about 5.4. The gtatic-pressure
difference ascross the flow nozzle (fig. 1(b)) was measured with a
micromanometer filled with Alkazene 42, a fluid which has a specific
gravity of about 1.75. The abgolute static pressure indicated by the
orifices upstream of the nozzle was measured by a mercury micromanometer.

REDUCTION OF DATA

The mass-flow ratlio through the inlet m/my; was calculated as the

sum of the mass flows passing through the flow nozzle (fig. 1(b)) and the
small gap (fig. 1(a)) at the inlet-forebody base. These mass flows were
calculated on the basis of experimental calibrations which were made for
both the nozzle and the gap. The difference between the experimentsal-
and the theoretical-calibration curves for the nozzle was about cne-
half percent. The mass flow through the gap varied from about 2 to

6 percent of the total mass flow passing through the inlet. The mass-
Tlow ratios for inlets A and B are based on inlet-capture areas of
0.0466 2nd 0.0511 square foot, respectively.

The area-welghted pressure recovery H/Ho was computed from the

total pressures measured at the compressor face by assuming that flow
symmetry existed about the vertical center line of the duct.

The internal drag coefficient Cpy was calculated from the fol-
lowing equation:

Cpy = Eo%*;: Ero - Ve cos(a - 2)] - Piqu-}P—o- Ag cos(a - 2)
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The model-exit conditions were considered tc be the arithmetic average
of the measured exit-static and exit-total pressures.

The external-drag-coefficlent data Cp were calculated in the
usual manner by subtracting the IiInternal and base drags from the
indicated balance drag. The lift date have been corrected for the
internal 1lift of the air passing through the inlet by subtracting the
term Ve sin{a ~ 2)

LWAr
have been applied to the indicated pitching moments. All force coeffi-
cients are besed on the frontal area of the model of 0.2394 square foot
and a reference length of 4.065 feet.

from the indicated balance 1lift. No corrections

ACCURACY

Estimates of the absolute accuracy of the drag and pressure-recovery
ta are difficult to make because of the limited number of pressure
tubes which are avallsble to determine the local-flow characteristics.
Relative accuracies based on repeateblility of data are estimated to be
as follows:

H/Hg « ¢« o e o« o s o o s o o o o o« x s s o o oo« to01
M/MG + v @ & ¢ 4 ¢ 4 e s 4 e s e s s s s e e s s s oe s e .. FTOOL
Ch o + = = o o o« = = o o a s o a s a s o o o s s s s+ .t0.003

At supercritical condltions the drag errors for certein configura-
tlions appear to be larger than +0.003. The reasons for these larger
discrepancies are not fully understood.

After the data analysis was completed and final figures prepared,
information was received from the manufacturer that the initial calibra-
tion of the flow nozzle was 1.5 percent in error. Therefore, the mass-
flow ratios presented in this report must be reduced by 1.5 percent to
obtain the correct values. The maximum error based on a drag coeffi-
cient of 0.15 introduced in the drag data is sbout 3 percent.

PRESENTATTON OF RESULT

The pressure-recovery E/Ho and external-drag Cp data are pre-
sented in this report as a function of the mass-flow retio m/m,. The

maximum range of angle of attack was from O° to 6°. All angles of
attack are referenced to the inlet axis. A deshed-line fairing of the

data indicates inlet buzz.
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Figure 10 presents date obtained from inlet A with solid ramps for
ramp angles P of 3°, 8%, and 12.5°. Only one porous-ramp configuration
(1-AE) was tested at all three Mach numbers, and these dats are presented
in figure 11. The 2° angle-of-attack data from figures 10 and 1l are
summarized as a function of ramp angle in figure 12. Included in fig-
ure 12 are estimsted pressure recoveries which neglect tre subsonic-
diffuser losses. The 20 attitude was chosen for the surmary plots
because it approximates the design attitude of the aircraft. The effects
of varying the porosity and extent of the porous surface on the ramp of
inlet A were investigated at Mach numbers of 1.61 and 1.82, and tkese
data are presented in figure 13. Figure 14 summasrizes the effect on
pressure-recovery and drag characteristics of varying the extent of the
porous-ramp surface at M = 1.82.

The pressure-recovery and drag data obtained from inlet B with
solid-splitter surfaces and with splitter half-angles of 3°, T7°, 10°,
and 14° are presented in figure 15. Corresponding date with a splitter
half-angle of 10° and porous-splitter surfaces (1-BC) are presented in
figure 16. A summary of the pressure-recovery data at an angle of attack
of 2° from figures 15 and 16 is presented in figure 17 as a function of
the splitter half-angle. An estimated pressure recovery 1is also included
in this figure. The effects of varying the extent of the porous surface
on the splitter of inlet B and of varying the boundary-layer bleed
height h at M= 1.61 are shown in figures 18 and 19, respectively.
The results of a brief investigation of the effects of yaw on the buzz
characteristics of inlets A and B are presented in figure 20.

A summary of the drag and thrust-minus-drag characteristics for
inlets A and B are presented in figures 21 and 22, respectively. The
method of computing the thrust-minus-drag parameter is similar to that
presented in reference 2. The net value of thrust minus drag is refer-
enced to the thrust at 100-percent pressure recovery. The actusl thrust
was assumed to be proportional to the compressor pressure recovery, and
the inlet size was varied to supply the correct amount of alr to the
engine. The amount by which the inlet area was varied is also presented
in figures 21 and 22 as the ratio of matched inlet to model inlet areas.
Detalls of the calculations of thrust minus drag are presented in the
eppendix.

Comparisons of the total-pressure distributions in the subsonic
diffusers of inlets A and B, with and without porous suction, are shown
in figures 23 and 24, respectively. Typical total-pressure distributions
at the compressor face of both inlets are presented in figures 25 and 26.

The 1ift and pltcking-moment characteristics of inlets A and B are

presented in figures 27 and 28, respectively, as a function of angle of
attack. These datae were obtained by averaging the results obtained at
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various mass-flow ratios. The effects of mess-flow ratio on the 1lift
and pitching-moment characteristics were negligible. The 1lift, drag,
and pitching-moment characteristiecs of the faired-nose configurations
are shown in figures 29 and 30. These latter configurations were tested
to provide a correlation between the inlet date of this investigation
and other stability investigations which were made with the faired-nose
configurations. No discussion of the 1ift and pitching-moment date is
presented in this reporz.

The engine characteristic used to ccompute the thrust-minus-drag
T -D

parameter T

is shown in figure 31.

DISCUSSION COF RESULTS

Pressure-Recovery and Buzz Cheracteristies

Inlet A at o = 29.- The maximum pressure recoveries (fig. 12) of
the solid-ramp configurations were about 0.95, 0.91, and 0.86 at Mach
numbers of 1l.41, 1.61, and 1.82, respectively. These recoveries are
from 0.0% to 0.09 lower than the egtimated values. These estimated
values are based on & shock system consisting of one oblique and one
normel shock occurring at the Mach number behind the obligue shock and
do not include subsonlic losses. It was assumed that the free-stream
Mach number existed at the inlet, and the compression angle of the
oblique shock was made 2° larger than the correspording ramp angle to
account for the engle of attack of the inlet. TIn general, the differ-
ences between the estimeted and experimental recoveries increase as the
Mach number shead of the normal shock of the inlet increases. Use of
the gorous surface (1-AE) to reduce the boun -layer thickness on the
12.5~ ramp resulted in maximum pressure recoveries which were about (.03,
0.0k, and 0.05 higher at Mach numbers 1.41, 1.61, and 1.82, respectively,
than the corresponding recoveries of the solid-~ramp configuration. The
mass-flow ratio at which the meximum pressure recovery of each configura-
tlon was obtained varied with ramp angle and Mach number. For the solid-
ramp configuretions, this variation was, in general, due to the vertical
sweep of the inlet lips which corresponded to the sweep of an oblique
shock genersted by & 2.6° ramp anglé at a Mach number of 1.61, or an
8.0° ramp angle at a Mach number of 1.82.

The porous-ramp dats at a Mach number of 1.82 (fig. 14) indicate
that use of a porous- instead of & solid-ramp surface from stations A
to C increased the maximum pressure recovery from 0.86 to 0.91. Further
extension of the porous surface from stations C to E increased the
maximum recovery by only 0.0L. The latter part of the porous ramp was
probably in the subsonic diffuser at maximum pressure-recovery conditions.

el
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Tre relative merits of removing the boundary lsyer akead or behind the
normel shock of the inlet cannot be determined from these tests, however,
because no tests were made with a porous surface from stations C to E

only.

The amount of air whichk passed through the porous surfaces was not
measured during these tests. The static pressures on the exit side of
the porous surfaces were meagsured at Mach numbers of 1.41 and 1.82 and
were found to have & meximum value which was about 10 percent above free-
stream static pressure. However, the validity of using a calculated
pressure difference with the data of figure 8 to determine the flow
through the surface 1s questionable (ref. 1) because of the high flow
velocity parallel to the ramp surface. Consequently, it is not possible
to deduce quantitatively from the datas obtained with different degrees
of porosity (fig. 13) the effect of the rate of alr removal on maximum
pressure recovery.

It is apparent from the preceding discussion that the boundary layer
of the ramp had an adverse effect on the pressure recovery of inlet A.
The data are not sufficiently complete to evaluate the mzgnitude of the
boundary-layer losses, but these losses are shown to be &t least 3 to
5 percent of the free-stream stagnation pressure, the losses increasing
as the Mach nuriber ghead of the normal shock is increased.

At supercritical conditions (fig. 13) the mass-flow ratios of porous
configurations 1-AB, 2-AC, ard 3-AE were greater than those of the solid-
ramp configurations. For configurations 1-AB and 2-AC this increase
probably resulted from a reduction of the effective ramp angle due to
the boundary-layer removal through the porous surfaces so that more air
was permitted to enter the inlet at supercritical conditions. This
additional increment of air was larger than the amount removed by the
porous surface. For configuration 3-AE, rough calculations have indicated
that, at supercriticel conditions where the pressure recovery is low, the
static pressures ahead of the diffuser normal shock may have been low
enough to draw a part of the additional increment of air through the
porous alr exit into the Inlet duct.

It may be noted for most of the porous ramp configurations that, at
supercritical conditions, the mass flow continues to increase as the
pressure recovery decreases. When the normal shock moves farther down in
the diffuser, a smalier pressure difference exists across a larger part
of the porous surface end, as a result, the air flow through the porous
surfece decreases. As mentioned in the previous paragreph, the air flow
may actually reverse under certain conditions. Inasmuch as the amount
of air entering the inlet remains constant under these conditions, the
mass flow passing the compressor face must increase.

e
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The buzz characteristics of inlet A with solid ramps {(fig. 10) were
primarily a function of Mgch number. At a Mach number of 1.41 the range
of steble mass-flow ratio varied from sbout 0.45 to 0.55. As the Mach
number increased, the stable range decreased, and at a Mach number of
1.82 the range was zbout 0.02 and 0.06 for the 8° and 12.5° ramp angles.
Neglecting the increesing mass-flow ratios at supercritical conditions,
the use of the porous surface (figs. 11 and 13) resulted in only small
changes in the stability range of the inlet.

Tnlet B at o = 2°.- The maximum measured vressure recoveries
(fig. 17) at Mach numbers of 1.41, 1.61, and 1.82 with the solid splitters
were gbout 0.94, 0.91, and 0.85, respectively. All these recoveries were
obtained with the 7° half-angle splitter. At higher splitter half-angles
the measured pressure recoveries decreased although, in general, the
estimeted recoveries continued to increase. These estimated recoveries
were based on a shock system consisting of two obligue shocks and one
normal shock which occurred at the Mach number behind the second obligue
shock. The compression angle of the first oblique shock was 3.0° and
that of the second oblique shock varied with splitter half-angle. The free-
stream Mach number was assumed to exist at the inlet, and the effects of
subsonic diffusion were neglected. The rise of static pressure across
the oblique shocks formed by the 7° half-angle splitter was approximately
the same for the three test Mach numbers. Inasmuch as these shocks lsy
aghead of the lip of the boundary-lsyer bleed, it may be that the higher
pressure rise associated with the larger splitter angles hed some adverse
effect on the radome-nose boundary layer which reduced the effectiveness
of the bleed system. The maximum pressure recoveries of the porous
splitter (1-BC) were about 0.05 to 0.06 higher than the recoveries of
the corresponding solid-surface splititer (fig. 17). The data of figure 18
indicate that removal of more of the corner boundary layer, by use of
the small gap (fig. 5, section BB) at the corners formed by the top
of the splitter and the inlet, apparently improved the maximum pressure
recovery by 0.02. Imasmuch as surfece CD is in the subsonic diffuser,
the elimination of the porous splititer in this region probably had no
adverse effect on the pressure recovery.

Elimination of the boundary-layer bleed reduced the maximum pressure
recovery by about 0.01 (fig. 19). Apparently the fuselage fairing (fig. 5)
which was used to eliminate the bleed system was about as effective as the
bleed system in diverting the boundary layer of the fuselage from the
inlet. The effectiveness of the faired fuselsge may have been due to its
effect on the local static-pressure distribution rather than to an actual
diverting action. The original fuselage shape ahead of the inlet probably
created low local static pressures and thus caused & thickening of the
boundary layer ahead of the inlet. Use of the fuselage fairing may have
prevented the local thickening of the boundary layer by making the static-
pressure distribution more positive.
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The stable mass-flow range for all the solid-splitter configurations
(fig. 15) was about the seme at a given Mach number but decreased from
an average value of about 0.23 at a Mach number of l.41 to a value of 0.06
at a Mack number of 1.82. In general, the use of porous surfaces did not
significantly affect the inlet stability range (figs. 15, 16, and 18).

Effects of angle of atltack on inlets A and B.- The effect of angle
of attack on the pressure recovery of inlet A (fig. 10) veries with Mach
number and ramp angle. In general, increasing the angle of attack either
increased the pressure recovery or had no effect. The largest increases
were obtained with the configurations having compression angles at
2° angle of attack which were sppreciably less than the compression angle
required for optimum recovery. In general, the change in buzz charac-
teristics was small. TFor the 8° ramp, however, large increases in the
range of steble mass flow occurred et Mach numbers of 1.4l and 1.61 when
the angle of attack increased from 4° to 6°.

The effects of angle of attack on pressure recovery and buzz of
inlet B were small., These small effects might be expected because the
compression angles were essentially independent of the angle of attack
for the range of these tests.

Yaw effects.- The data of figure 20 indicate that the yaw effects
on the pressure recovery of the inlet and minimum stable mass-flow ratio
were insignificant for inlet A for yaw angles up to 4°. Yaw effects were
relatively large for inlet B probably because of its vertical splitter.
On the latter inlet, the pressure recovery decreased and stable mass-flow
range decreased ag the yaw angle increased at Mach numbers of 1.4l and
1.61. The pressure-recovery datas obtained at positive and negative angles
of yaw were slightly different because of the compressor-rake design.
These differences sre illustrated in the data at a Mach number of 1.82.

Drag and Performance

Inlet A.- The external drag was about the same (fig. 21), at a

iven mass-flow ratic for the three solid-ramp configurations at 2°
angle of attack. At mass-flow ratios where an apprecisble smwount of air
was spllled subcritically, the drag of the porous ramp was lower than
that of the corresponding solid-ramp configuration. Inasmuch as all the
drag vproduced by removing the air through the porous surface was included
in the external drsg coefficient, these data indicate that spillage
through the porous surface created less drag than spillage by means of
a normal stock. As the supercritical mass-flow ratio was approached,
the drag difference between the two configurations decreased and, at
Mach numbers of 1.41 ard 1.61, the supercritical drag of the porous ramp
was higher then that of the solid ramp.
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The high external drag of the 12.5° ramp resulted in low maximum-
thrust paremeters at Mack numbers of 1.41 and 1.61. Use of the porous-
instead of the solid-ramp surface increased the meximum-thrust parameter
by increments of about 0.02 to 0.05, the larger increments occurring at
the higher Mach numbers. .

Inlet B.- The data of figure 22 indicete that at Mach numbers of
1.41 and 1.61 the external drag coefficients for a given mass-flow ratio
vary appreciably with splitter half-angle.

The meximum-thrust parameters of the solid splitters were obtained
with the 3° and T° splitters. At the larger splitter half-angles the
decrease of pressure recovery and increase of external drag resulted
in large decreases in the thrust parameter. Use of the porous splitter
resulted in maximum-thrust parameters which were about 0.01, (0.05, and
0.06 higher than those of the corresponding solid-splitter values at
Mach numbers of 1.41, 1.61, and 1.82, respectively. Elimination of the
boundary-layer bleed had no effect on the maximum-thrust parameter of
the inlet with the solid 10° splitter.

Diffuser Total-Pressure Distribution

The total-pressure surveys which were made in the subsonic ducts
of both inlets (figs. 23 and 24) indicate that the use of the porous ramp
and splitter surfaces resulted in significant increases in the local total
pressures in parts of the diffusers. It is interesting to note on inlet B
(fig. 24) that the total pressures were relatively independent of the
distance from the splitter but were dependent upon the distance from the
top surface of the duct. Apparently, the curvature of the duct (fig. 5)
and the resulitant static-pressure distribution across the duect forced e
large part of the splitter boundary layer to the top duct surface. There-
fore, as the porous surface reduced the splitter boundary-layer thickmness,
the local total pressure near the top of duct increased appreciably.

The typical totel-pressure distributions at the compressor face
(figs. 25 and 26) indicate that for both inlets the total-pressure varia-
tion decreases as the compression engle increases. The use of the porous
surfaces increased the overall level of the total pressure but d4id not
decrease the varisation of the total pressure across the compressor face.

CONCLUSTONS

An investigation of the pressure-recovery and force characteristics
of l/lO—scale models of two inlet configurations of fighter-type airecraft
has been made at Mach numbers of 1.41, 1.61, and 1.82. One model, inlet A,
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rad a nose inlet incorporating a horizontel-ramp compression surface.
The second model, inlet B, had & chin-scoop inlet incorporating a
verticalrwedge splitter. Based on this investigation, the following
conclusions were made:

1. The maximum pressure recoveries obtained st Mach numbers of 1.h1,
1.61, and 1.82 from inlets A and B at an angle of attack of 2° were sbout
0.95, 0.91, 0.86, and 0.9%, 0.91, =nd 0.85, respectively. These recov-
eries were from O.C4 to 0.09 lower than estimated recoveries which
neglected subsonic losses.

2. The range of stalble mass flow of poth inlets was primerily a
function of Mach number. For inlet A, the stable range decreased from
an average value of about 0.50 to 0.04 as the Mach number increesed from
l.hé to 1.82. The corresponding values for inlet B were about 0.23 and
0.06.

3. The effects of angles of atiack and yaw on inlet pressure
recovery were conslstent with the geometry of the twe inlets. Increasing
the angle of attack had some beneficigl effect on the pressure recovery
of inlet A but little effect on inlet B. Increasing the angle of yaw had
e detrimental effect on the pressure recovery and buzz characteristics of
inlet B but little effect on inlet A.

., The use of area suctiion on the inlet compression surfeces resulted
in maximum pressure recoveries which were 0.02 to 0.06 higher than the
recoveries of similar configurations without area suction but did not
significantly affect the inlet stability range.

5. The use of area suction did not result in significant chenges of
external drag at a given mass-flow ratio and, therefore, improved the
thrust-minus-drag characteristics of both inlets.

6. Elimination of the boundary-layer bleed system of inlet B by
means of & fuselage fairing had no effect on the thrust-minus-drag char-
acteristics of the inlet.

T. The total-pressure variations at the compressor face decreased
for both inlets as the compression angle increased. The use of ares
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suction increased the overall level of the total pressure but did not
alter the variation of the total pressure across the compressor face.

Tangley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
Iangley Field, Va., October 21, 195k.
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APPENDIX
CALCUIATION OF THRUST PARAMETER

T -D
Ty

figures 21 and 22 is based on the method described in reference 2. The

thrust quantities are based on the characteristics of a current turbo-

.et engine having the air flow characterlsties at 35,000 feet which are

rresented in figure 31. The ideal thrust at 100-percent pressure recovery

is indicated by the symbol Tg. The actual engine thrust T was assumed

to decrease 1.25 percent for every percent loss of total pressure
recovery. The inlet size was assumed to vary as required to supply the
correct awount of air to the engine. The inlet drag D was varied
7ith inlet size bty assuming that the drag increment between the inlet
and faired-nose configurations was proportional to inlet capture area.
The maximum increment which was applied to the basic inlet drag during
these computations was about 2 percent of the ideal thrust. The ratio
of inlet area required for mstching to model inlet area is shown in
figures 21 and 22.

Tre calculation of the trhrust parameter presented in
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Figure 17.- Variation of pressure recovery of inlet B with splitter half-
angle. h = 0.21 inch; a = 2°,
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no porous suction, porous (I-AE) ramp surface.

Figure 25.- Typical total-pressure distributions at compressor face of
inlet A. M =1.61; a = 2°.
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(d) $=10° h-=579; {};-.937; (6) $=10° 605 {-=.950; M) $m1ae. F-=445; -H;-.ase.
porous (I-BD) splitter surfaces. porous (I~BC) splitter surfaces.

Figure 26.- Typical total-pressure distributions at compressor face of
inlet B. M = 1.61; a = 2°.
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